TITLE OF THE INVENTION 

COMPOSITE DEVICES OF LAMINATE TYPE AND PROCESSES 
FOR PRODUCING SAME 
FIELD OF THE INVENTION 

The present invention relates to composite devices 
of the laminate type for providing various electronic 
circuits for use in electronic devices such as portable 
telephones and to processes for producing such composite 
devices. 

BACKGROUND OF THE INVENTION 

In recent years it has been required with ever 
increasing severity that compact electronic devices such 
as portable telephones be reduced in size. In such a 
situation, it has been practice to incorporate circuit 
elements for constituting a device into a composite 
laminate device and to mount the composite device on a 
main board. 

As shown in FIGS. 5 and 6, the composite device of 
the laminate type has a laminate structure comprising a 
plurality of ceramic layers 1, 2 each of which is 
provided on the surface thereof with a plurality of 
circuit element patterns 11 or 21 for constituting an 
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inductor or capacitor. Such circuit element patterns 11, 
21 are connected to one another through conductor 
patterns 13, 23 formed on the ceramic layers 1, 2 or 
conduction channels (via holes) 12, 22 extending through 
5 the ceramic layers 1, 2 to provide an electronic circuit 
such as a filter. 
Q With such composite devices, the ceramic layers 1, 2 

^ are generally made from dielectric ceramic material. It 

La 

;7 has been proposed to form a pattern (hereinafter referred 

TO to as an " L-pat tern " ) for providing an inductance on the 

a 

SI magnetic body ceramic layer 1 so as to increase the 

hi inductance of the L-pattern and to form a pattern 

Q 

fy (hereinafter referred to as a " C-pat tern" ) for 

constituting a capacitor on the dielectric ceramic layer 
15 2 in order to increase the capacitance of the C-pattern 

[JP-A No. 60-106114(1985), JP-A No. 6-333743(1994), etc.]. 

Composite devices of the type mentioned are 
fabricated generally in the following manner. A required 
number of magnetic body boards prepared by forming an L- 
20 pattern on the surface of each of magnetic body green 

sheets are laminated to obtain an inductor laminate, and 
a required number of dielectric boards prepared by 



forming a C-pattern on the surface of each of dielectric 
green sheets are laminated to obtain a capacitor laminate. 
The two laminates as lapped over each other are fired to 
join the boards and obtain a sintered laminate. Finally, 
a plurality of electronic components are mounted on the 
surface of the sintered laminate as required to complete 
a composite device of the laminate type in the form of a 
single chip. 

However, the conventional composite device of the 
laminate type has the following problem. In firing the 
combined laminate obtained by laminating the magnetic 
boards comprising magnetic body green sheets and the 
dielectric boards comprising dielectric green sheets, the 
magnetic body ceramic layer 1 and the dielectric ceramic 
layer 2 are curved and greatly deflected by the firing 
step as shown in FIG. 7 because the magnetic body green 
sheet and the dielectric green sheet differ greatly in 
shrinkage, possibly creating a crack K in the resulting 
laminate . 

FIG. 8(a) shows the portion A in FIG. 7 on an 
enlarged scale before firing, and FIG. 8(b) shows the 
portion A of FIG. 7 on an enlarged scale after firing. 



At the joint between the ceramic layers 1, 2 lapping over 
each other as seen in FIG. 8(a), the circuit element 
patterns 11, 21 and the via holes 12, 22 corresponding 
thereto are positioned in match before firing, whereas 
the circuit element patterns 11, 21 are positioned as 
shifted or separated from the corresponding via holes 12, 
22 after firing as shown in FIG. 8(b), hence the problem 
of a reduced yield. 
SUMMARY OF THE INVENTION 

An object of the present invention is to give 
circuit element patterns sufficient characteristics, to 
prevent cracking and separation occurring in the firing 
step, and to provide the structure of a composite 
laminate device which is available in an improved yield. 

The present invention provides a composite device of 
the laminate type having a laminate structure of a first 
ceramic layer and a second ceramic layer, each of the 
ceramic layers having one or a plurality of circuit 
element patterns formed on a surface thereof to provide 
an electronic circuit for performing a predetermined 
function . 

The invention provides the composite device of the 
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laminate type having the first ceramic layer made from a 
composition suited to characteristics of the circuit 
element pattern formed on a surface thereof and the 
second ceramic layer comprising: 
5 a layer portion having a same composition as the first 

ceramic layer and serviceable as a main body, and 

0 a plurality of strip portions having a composition 

5-— « 

. i suited to characteristics of the circuit element pattern 

1 s a 

LjLj 

1, formed on a surface of the second ceramic layer and 

SJ 

S 10 formed as distributed on a surface or inside the layer 

n 

ry portion. 

: i 

* 

fy With the composite device of the laminate type, the 

x s 

fU second ceramic layer comprises the layer portion having 
the same composition as the first ceramic layer and 
15 serviceable as a main body, and the plurality of strip 
portions formed as distributed on the layer portion. 
Accordingly, the shrinkage of the entire second ceramic 
layer when fired is close to the shrinkage of the first 
ceramic layer since the layer portion as a main body of 
20 the second ceramic layer has the same composition as the 
first ceramic layer. Consequently, the difference 
between the second ceramic layer and the first ceramic 



layer is smaller in shrinkage than the difference in the 
case where a second ceramic layer is entirely made from 
the composition of a strip portion. 

Accordingly, when the laminate structure of the 
first and second ceramic layers is formed by the firing 
step in fabricating the composite device of the laminate 
type embodying the invention, it is unlikely that a great 
difference will occur between the first and second 
ceramic layers in shrinkage, consequently diminishing the 
deflection of the ceramic layers. This prevents the 
ceramic layers from cracking or separating from each 
other . 

The plurality of strip portions formed as 
distributed on the layer portion of the second ceramic 
portion has a composition suited to the characteristics 
of the circuit element pattern formed on the surface of 
the second ceramic layer, so that the circuit element 
pattern formed on the surface of the second ceramic layer 
exhibits more excellent characteristics than in the case 
where a pattern is formed on a surface of the first 
ceramic layer. 

Consequently, with the composite device of the 



laminate type embodying the invention, the circuit 
element pattern formed on the surface of the second 
ceramic layer is smaller in size than in the case where a 
pattern is formed on the surface of the first ceramic 
layer, rendering the composite device of the laminate 
type compact. 

Stated specifically, the layer portion is made from 
dielectric material, and the strip portion of the second 
ceramic layer is made from magnetic material. According 
to the specific construction, a capacitor pattern (C- 
pattern) is formed on a surface of the first ceramic 
layer, and an inductance pattern (L-pattern) on a surface 
of the second ceramic layer. The magnetized second 
ceramic layer renders the inductance obtained on the L- 
pattern greater than the inductance on an L-pattern of 
the same size formed on a surface of a non-magnetized 
ceramic layer. 

According to another specific construction, the 
plurality of strip portions formed on the second ceramic 
layer is distributed approximately uniformly on the 
surface of the layer portion. Alternatively, the 
plurality of strip portions formed on the second ceramic 



layer is distributed approximately uniformly inside the 
strip portions. With the specific construction, the 
circuit element pattern formed on the surface of the 
second ceramic layer obtains effect given by the strip 
portion to same extent regardless of its position formed 
on the second ceramic layer. Consequently, the circuit 
element pattern can be freely arranged on the surface of 
the second ceramic layer. 

The present invention provides a process for 
fabricating a composite device of the laminate type 
embodying the invention which process has the steps of: 
preparing first green sheets for making first ceramic 
layers and second green sheets for making second ceramic 
layers , 

forming one or a plurality of circuit element patterns 
on a surface of each of a required number of first green 
sheets and a required number of the second green sheets, 

preparing a laminate comprising a plurality of layers 
by superposing the first green sheets and the second 
green sheets each having the circuit element pattern or 
patterns formed thereon, and 

firing the laminate. 



In sheets preparing steps described, the first 
green sheet is prepared by using dielectric material* 
Preparing steps of the second green sheets comprises: 

preparing material sheets by using the dielectric 
material , 

forming a photoresist film on the surface of the 
material sheet prepared in the preparing step described, 

providing on the photoresist film a plurality of 
through holes approximately uniformly distributed by the 
photo 1 i thography method, 

superposing magnetic material on the material sheet 
covering the photoresist film, and 

removing the photoresist film. 

The present invention provides a process for 
fabricating a composite device of the laminate type which 
process has other steps of preparing the first green 
sheet by using dielectric material, the second green 
sheet being prepared by the steps of: 

preparing the material sheets by using dielectric 
material , 

providing on the material sheet a screen having a 
plurality of through holes approximately uniformly 
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distributed, and printing magnetic material on a surface 
of each material sheet through the screen, and 
removing the screen from the material sheet. 

Further, the present invention provides a process 
for fabricating a composite device of the laminate type 
which process has other steps of preparing the first 
green sheet by using dielectric material, the second 
green sheet being prepared by the steps of: 

preparing a slurry made from dielectric material, 
mixing the slurry with a plurality of strips made from 
the magnetic material to obtain a slurry mixture, 
forming the slurry mixture into a strip, 
drying the obtained slurry mixture of a strip. 

With the process for fabricating the composite 
device of the laminate type embodying the invention, the 
first green sheet is made from the dielectric material, 
and the second green sheet comprises a major portion made 
from the dielectric material and a portion of a plurality 
of strips made from the magnetic material to obtain the 
composite device of the laminate type. In firing step, 
the difference between the first green sheet and the 
second green sheet is small in shrinkage, diminishing the 
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deflection of the laminate after firing. This prevents 
the ceramic layers from cracking or separating from each 
other. Further, a plurality of strips made from magnetic 
material are distributed on a surface of or inside the 
5 second green sheet, so that the second ceramic layer is 
magnetized. This gives sufficient characteristics to an 
O inductor pattern provided on the surface of the second 



ceramic layer. 

f* As described above, the present invention providing 

io composite devices of the laminate type and processes for 
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fabricating such devices diminishes the deflection of the 
ceramic layers in the firing step to thereby eliminate 
the problem of cracking and separation and achieve an 
improved yield, and to give the circuit element patterns 
15 sufficient characteristics. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a composite device 
of the laminate type embodying the invention; 

FIG. 2 is an exploded perspective view of the 
20 device; 

FIG. 3(a) is a view showing a dielectric green 
sheet ; 
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FIG. 3(b) is a view showing a photoresist film 
formed on a surface of the green sheet; 

FIG. 3(c) is a view showing a plurality of through 
holes provided on the photoresist film; 

FIG. 3(d) is a view showing a magnetic film formed 
on the dielectric green sheet and placed over the 
photoresist film; 

FIG. 3(e) is a view showing a plurality of disk- 
shaped strips made from magnetic material formed on the 
dielectric green sheet; 

FIG. 4 is a diagram for illustrating another process 
for fabricating the composite ceramic layer; 

FIG. 5 is a perspective view of a conventional 
composite device of the laminate type; 

FIG. 6 is an exploded perspective view of the 
conventional composite device of the laminate type; 

FIG. 7 is a diagram for illustrating a problem 
encountered with the device; 

FIG. 8(a) is an enlarged view of the portion A in 
FIG. 7 before firing, and 

FIG. 8(b) is an enlarged view of the portion A in 
FIG. 7 after firing. 
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DETAILED DESCRIPTION OF EMBODIMENTS 

Embodiments of the present invention will be 
described below in detail with reference to the drawings. 
As shown in FIG. 1, the composite device of the laminate 
5 type embodying the invention has a laminate structure 

including an upper half laminate portion LI comprising a 
plurality of dielectric ceramic layers 2 and a lower half 
laminate portion L2 comprising a plurality of composite 
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ceramic layers 3. 

si 

jO As shown in FIG. 2, the composite ceramic layer 3 

comprises a layer portion 31 having a same composition as 
the dielectric ceramic layer 2 made from dielectric 
ceramic material, and a plurality of strip portions 32 
made from magnetic ceramic material. The strip portions 
15 32 are approximately uniformly distributed on the surface 
of the layer portion 31. 

Formed on the surface of each composite ceramic 
layer 3 are a plurality of circuit element patterns 30 
chiefly including L-patterns. Formed on the surface of 
20 each dielectric ceramic layer 2 are a plurality of 

circuit element patterns 21 chiefly including Opatterns. 
Specified ceramic layers are provided with a conductor 
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pattern 23 or 69 and via holes 22 or 39 for establishing 
electrical continuity with circuit element patterns 21, 

30 on the same or underlying ceramic layer. 

The dielectric material used for the layer portion 

31 of the composite ceramic layer 3 can be, for example, 
a material having a low dielectric constant and 
consisting mainly of barium oxide, aluminum oxide, or 
silica, dielectric material of the titanium oxide type, 
glass ceramic material, or the like. Borosilicate glass 
or the like may be used to lower the firing temperature. 

The strip portion 32 is made from the magnetic ceramic 
material such as Ni-Fe alloy material, Fe-Al-Si alloy 
material, oxide magnetic material, Ni-Zn-Cu ferrite, Ni- 
Zn ferrite, or hexagonal ferrite, which gives 
permeability to the composite ceramic layer 3. Various 
glasses such as borosilicate glass may be added to the 
material to lower the firing temperature. The Ni-Zn-Cu 
ferrite is not limited particularly; one of such ferrites 
of various compositions can be selected depending on the 
purpose. For example, such a ferrite is preferably 15 to 
25 mole % in NiO content, 5 to 15 mole % in CuO content 
and 20 to 30 mole % in ZnO content. The Ni-Zn ferrite is 
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not limited specifically, either, but one of such 
ferrites having various compositions can be selected 
according to the purpose. For example, such a ferrite is 
preferably 10 to 25 mole % in NiO content and 15 to 45 
mole % in ZnO content. 

In fabricating the composite device of the laminate 
type of the invention described, dielectric green sheets 
for making the dielectric ceramic layers 2 are prepared 
by the doctor blade method or the like as in the prior 
art. Composite green sheets for making composite ceramic 
layers 3 are prepared. 

FIG.S 3(a) to 3(e) show a process for preparing the 
composite green sheet 37 for making the composite ceramic 
layer 3. With reference to FIG. 3(b), a photoresist film 
7 is formed on a surface of the dielectric green sheet 25 
shown in FIG. 3(a). As shown in FIG. 3 (c), a plurality 
of through holes 71 are provided on the photoresist film 
7 by the photolithography method. Subsequently, as shown 
in FIG. 3(d), a magnetic film 33 made from the magnetic 
ceramic material is formed on the dielectric green sheet 
25 covering the photoresist film 7. Finally, the 
photoresist film 7 is separated and removed. As a result, 
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formed on the surface of the dielectric green sheet 25 
are a plurality of strip portions 32 of disk-shape made 
from magnetic ceramic material to prepare the composite 
green sheet 37, as shown in FIG. 3(e). The magnetic film 
33 shown in FIG. 3(d) can be formed by sputtering or 
plating method. The strip portions 32 can also be formed 
by printing the magnetic ceramic material according to 
screen printing method. 

FIG. 4 shows a process for preparing a composite 
green sheet 38 in different form from the composite green 
sheet 37 described. A composite slurry 34 is supplied 
inside a casting head 5 arranged above a carrier film 4. 
Magnetic particles 36 are distributed in the dielectric 
slurry 35 used for preparing the dielectric green sheet 
to obtain composite slurry 34. The carrier film 4 is 
transported at a predetermined speed to thereby apply the 
composite slurry 34 delivered from the casting head 5 
onto the film 4 to a predetermined thickness. The 
composite slurry 34 on the film 4, thereafter, is dried 
to obtain the composite green sheet 38 inside which the 
strip portions comprising the magnetic particles 36 are 
uni f ormly distributed . 
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Magnetic ceramic powder before firing can be used as 
the magnetic particles 36. Further, powder made from the 
magnetic ceramic material is fired and thereafter 
pulverized to obtain magnetic pieces. The obtained 
pieces can also be used as the particles 36. In this 
case, usable as the magnetic ceramic material is the 
material having a higher temperature in firing than the 
dielectric green sheet. 

Next, a plurality of circuit element patterns are 
printed with silver on the surface of each of a required 
number of the composite green sheets and a required 
number of the dielectric green sheets to obtain a 
plurality of boards. The boards are arranged in 
superposed layers to obtain a laminate body. 

The laminate body is thereafter fired at a high 
temperature of 800°C to 1000°C to obtain an integral 
sintered laminate. Finally a plurality of electronic 
components are mounted on the surface of the sintered 
laminate as required to complete a composite device of 
the laminate type in the form of a single chip. 

In the composite device of the laminate type using 
the composite green sheets 38 shown in FIG. 4, the 
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composite ceramic layer obtained by firing the composite 
green sheet 38 comprises a layer portion having a same 
composition as the dielectric ceramic layer made from 
dielectric ceramic material, and a plurality of strip 
portions made from magnetic ceramic material. The strip 
portions are approximately uniformly distributed inside 
the layer portion. 

With the composite device of the laminate type 
embodying the invention described, the composite ceramic 
layer 3 has the same composition in the major portion 
thereof as the dielectric ceramic layer 2, so that the 
shrinkage of the composite ceramic layer 3 when fired is 
close to the shrinkage of the dielectric ceramic layer 2 
when fired. Consequently, the difference between the 
composite layer 3 when fired and the dielectric layer 2 
when fired is small in shrinkage . This makes small the 
deflection of the ceramic layer 3 or 2 in the firing step 
and inhibits the layer 3 or 2 from cracking or separating, 
resulting in a higher yield than conventionally. 

The strip portion 32 of the composite ceramic layer 
3 is made from the magnetic ceramic material to have the 
portion magnetized. The L pattern arranged on the 
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surface of the composite ceramic layer has a greater 
inductance than the L pattern having the same size and 
arranged on the surface of the non-magnetized dielectric 
ceramic layer 2 . 
5 Furthermore, the composite ceramic layer 3 can be 

prepared by using the dielectric green sheets for the 
□ material of the dielectric ceramic layer 2. Accordingly, 

□ 

1 ♦* 

only one kind of the green sheet is required for 
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preparing the composite device of the laminate type 



Li 

lO The device and process of the present invention are 



not limited to the foregoing embodiment in construction 
but can be modified variously by one skilled in the art 
without departing from the spirit of the invention as set 
forth in the appended claims. 



